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3HUIRUPDQFHDVVHVVPHQWRIGRPHVWLFSKRWRYROWDLFSRZHUSODQWZLWKDVWRUDJH
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$EVWUDFW*ULGFRQQHFWHGORZYROWDJHSKRWRYROWDLFSRZHUSODQWVFRYHUWKHPDMRULW\RIWKHSRZHUFDSDFLW\
LQVWDOOHGLQ,WDO\7KH\RIIHUDQLPSRUWDQWFRQWULEXWLRQWRWKHSRZHUGHPDQGRIWKHXWLOLWLHVFRQQHFWHGEXW
GXHWRWKHQDWXUHRIWKHVRODUUHVRXUFHWKHQLJKWWLPHFRQVXPSWLRQFDQEHVDWLVILHGRQO\ZLWKGUDZLQJWKH
HQHUJ\E\WKHQDWLRQDOJULGDWWKHSULFHRIWKHHQHUJ\GLVWULEXWRU7KDQNVWRWKHLPSURYHPHQWRIVWRUDJH
WHFKQRORJLHV DQG WKH GHFUHDVLQJ RI FRVWV WKH LQVWDOODWLRQ RI D V\VWHP RI EDWWHU\ ORRNV D SURPLVLQJ
VROXWLRQ ,Q WKLVSDSHU D PRGHOEDVHGDSSURDFK WR DQDO\]H DQGGLVFXVV WKHSHUIRUPDQFHRI DGRPHVWLF
SKRWRYROWDLFSRZHUSODQWZLWKDVWRUDJHV\VWHPLVSUHVHQWHG
.H\ZRUGV '\QDPLF 5HOLDELOLW\ 0RQWH &DUOR 6LPXODWLRQ 6HUYLFH $YDLODELOLW\ 5HWURILW 3KRWRYROWDLF
3RZHU3ODQW

,1752'8&7,21

,QWKHODVWGHFDGHVWKHUHQHZDEOHHQHUJ\LQGXVWU\KDVJURZQ
XQFHDVLQJO\ 1RZDGD\V VPDOO GHFHQWUDOL]HG SKRWRYROWDLF
SRZHUSODQWVSOD\DNH\UROH LQ WKHVXVWDLQDEOHGHYHORSPHQW
RI GLVWULEXWHG JHQHUDWLRQ DV D PDMRU DOWHUQDWLYH RI HQHUJ\
SURYLVLRQLQUHPRWHORFDWLRQVZKHUHWKHHOHFWULFDOJULGFDQQRW
EH UHDFKHG:KHUHDV WKH IHDVLELOLW\ DQDO\VLV RI PHGLXPDQG
KLJKYROWDJHSKRWRYROWDLFSRZHUSODQWVFDQEHYHU\FRPSOH[
ORZYROWDJHV\VWHPVDUHFKDUDFWHUL]HGE\DJUHDWVLPSOLFLW\RI
GHVLJQ LQVWDOODWLRQ DQG RSHUDWLRQ )RU WKHVH UHDVRQV WKHLU
GLIIXVLRQKDVVWURQJO\LQFUHDVHGLQWKHVHODVW\HDUVVXSSRUWHG
DOVRE\JRYHUQPHQW LQFHQWLYHSROLFLHV *6(7RJLYH
DQLGHDLQQXPEHUVEHWZHHQ WKHDQGWKH LQ,WDO\
WKH QXPEHU RI ORZ YROWDJH /9 SKRWRYROWDLF SRZHU SODQWV
ZLWK D FDSDFLW\ FRPSULVHG LQ WKH UDQJH aN: KDV JURZQ
IURP N WR N XQLWV WKDW VXP XS WR *: RI 39
FDSDFLW\*6(
7KHPDMRULW\RI WKH/9SKRWRYROWDLFSRZHUSODQWVDUHPDGH
XSE\IL[HGDUUD\VRIVRODUSDQHOV)RU LQVWDQFH LQGRPHVWLF
DSSOLFDWLRQV LW EHFDPH FRPPRQ WKH LQVWDOODWLRQ RI UHWURILW
V\VWHPV SKRWRYROWDLF SRZHU SODQWV PRXQWHG RQ WKH URRI RI
EXLOGLQJV WKDW FRQQHFWHG WR WKH HOHFWULFDO JULG IROORZ D
VLPSOHSURGXFWLRQVFKHPDDVVKRZQLQ)LJXUH
7KH '&$& LQYHUWHU  FRQYHUWV WKH GLUHFW FXUUHQW SRZHU
3'&WLQWRDQDOWHUQDWHFXUUHQWSRZHU3$&WWKDWLVPHDVXUHG
E\DSURGXFWLRQPHWHU7KHELGLUHFWLRQDOPHWHUFRXQWV
WKH SRZHU H[FKDQJHG E\ WKH SRZHU SODQW DQG WKH HOHFWULFDO
JULG  VR WKDW LW LV SRVVLEOH WR LGHQWLI\ DQRXWJRLQJ WR WKH
HOHFWULFDOJULG3287WDQGDQ LQJRLQJWRWKHXWLOLWLHV3,1W
SRZHU 7KH IRUPHU FDVH LV ZKHQ WKH LQVWDQWDQHRXV SRZHU
GHPDQGUHTXLUHGE\WKHXWLOLWLHVRIWKHEXLOGLQJ3%WLVORZHU
WKDQWKHSRZHU3$&WSURYLGHGE\WKHSRZHUSODQWVRWKDWWKH
GLIIHUHQFH 3287W   3$&W ± 3%W LV WUDQVIHUUHG WR WKH
QDWLRQDOHOHFWULFDOJULG7KHODWWHUFDVHLVZKHQWKH3%WLV
JUHDWHU WKDQ 3$&W VR WKDW WKH PLVVLQJ SRZHU WR DOORZ D
SURSHUIXQFWLRQLQJRIWKHXWLOLWLHVLVSURYLGHGE\WKHQDWLRQDO
HOHFWULFDOJULG3,1W 3%W±3$&W


)LJ3URGXFWLRQVFKHPDRIDGRPHVWLFSKRWRYROWDLFSRZHU
SODQW
$V DOUHDG\ PHQWLRQHG VHYHUDO LQGHSHQGHQW SRZHU SODQWV
NXQLWVLQDUHFXUUHQWO\FRQQHFWHGWRWKHHOHFWULFDO
JULG 7KHUHIRUH LW LV SRVVLEOH WR FRQVLGHU WKH QDWLRQDO
HOHFWULFDOJULGDVDKXJHEDWWHU\ZLWKDQLQILQLWHFDSDFLW\DEOH
WR FROOHFW WKH H[FHHGLQJ HQHUJ\ QRW LQVWDQWDQHRXVO\ XVHG E\
WKHXWLOLWLHVDQG WRVXSSO\ WKHUHTXLUHGHQHUJ\ WR WKHXWLOLWLHV
ZKHQ WKH SRZHU SODQW SURGXFWLRQ FDQQRW FRYHU WKH
LQVWDQWDQHRXVSRZHUGHPDQG1HYHUWKHOHVV WZRPDLQ LVVXHV
KDYHDULVHQLQWKHVHODVW\HDUVWKHLQVWDELOLW\RIWKHHOHFWULFDO
SRZHUJULGXQDEOH WRPDQDJH WKHSRZHU IOXFWXDWLRQVRI WKLV
LQFUHDVLQJ QXPEHU RI SKRWRYROWDLF SRZHU SODQWV FRQQHFWHG
DQG WKH LQFDSDELOLW\RI WKHVH V\VWHPV WRVWRUH WKHHQHUJ\QRW
LQVWDQWDQHRXVO\ FRQVXPHG 7R WDFNOH WKH SUHYLRXV LVVXHV D
SRVVLEOHVROXWLRQLVWKHLQWHJUDWLRQRIDVWRUDJHV\VWHPVODUJH
SRZHU SODQWV FDQ XVH WKH EDWWHULHV VR DV WR FRQWURO WKH
IOXFWXDWLRQVRIWKHSRZHURXWSXWZKHUHDVVPDOOSRZHUSODQWV
FDQEHQHILWRIWKHVWRUDJHFDSDFLW\LQRUGHUWRFRPSHQVDWHWKH
VKRUWDJHRIHQHUJ\ZKHQWKHXWLOLWLHVGHPDQGH[FHHGVWKHRQH


 

LQVWDQWDQHRXVO\ SURGXFHG E\ WKH SRZHU SODQW ,Q WKLV SDSHU
WKH IRFXV LV WDUJHWHG RQ VPDOO SRZHU SODQWV DQG WKLV VWXG\
DLPV WR HYDOXDWH KRZ WKH LQVWDOODWLRQRI DEDWWHU\ FDQ DIIHFW
WKHSHUIRUPDQFHRI WKH V\VWHP LQ WHUPVRISODQWDQGVHUYLFH
DYDLODELOLW\ 7KH PDLQ PRWLYDWLRQ IRU WDUJHWLQJ WKH VWXG\ WR
WKHVPDOOSRZHUSODQWVLVWKDWWKLVFODVVRIV\VWHPVLVWKHPRVW
GLIIXVHGLH LQ,WDO\LWFRYHUV WKHRIWKH WRWDOFDSDFLW\
LQVWDOOHG,QSDUWLFXODUIRUGRPHVWLFUHWURILWSRZHUSODQWVWKH
LQWHJUDWLRQRIWKHEDWWHU\KDVDQLPSRUWDQWLPSDFWLQWHUPVRI
LQVWDOODWLRQFRVWVWKDWFDQEHMXVWLILHGZKHQWKHLQFUHDVLQJRI
VHUYLFH DYDLODELOLW\ LV UHOHYDQW )RU WKLV UHDVRQ DQ DGKRF
VWXG\DGGUHVVLQJWKHEHQHILWVDQGGUDZEDFNVRIVXFKVROXWLRQ
FDQ EH RI JUHDW LQWHUHVW 7KH PHWKRGRORJ\ DGRSWHG LQ WKLV
SDSHUPDNHVXVHRIDPRGHOEDVHGDSSURDFKZLWKDG\QDPLF
UHOLDELOLW\ DQDO\VLV 7R WKLV HQG WKH PRGHO RI D UHWURILW
SKRWRYROWDLF SRZHU SODQW LV GHVLJQHG XVLQJ WKH 6WRFKDVWLF
+\EULG )DXOW 7UHH $XWRPDWRQ 6+\)7$ IRUPDOLVP
&KLDFFKLR HW DO  D QRYHO WHFKQLTXH RI G\QDPLF
UHOLDELOLW\ WKDW DOORZV D PRGXODU GHILQLWLRQ RI WKH V\VWHP
PRGHO LQ WHUPV RI LWV FKDUDFWHULVWLF SK\VLFDO DQG VWRFKDVWLF
SURFHVVHV
7KH UHVW RI WKLV SDSHU LV RUJDQL]HG DV IROORZV 6HFWLRQ 
GHVFULEHV WKH EDVLF FRQFHSWV RI WKH 6+\)7$ PRGHOOLQJ
LQFOXGLQJDEULHIRYHUYLHZRI WKH VWDWHRIWKHDUW DSSURDFKHV
FXUUHQWO\DYDLODEOH6HFWLRQGHVFULEHVWKHFDVHVWXG\DQGWKH
6+\)7$PRGHOZKHUHDV6HFWLRQSUHVHQWVWKHUHVXOWVRIWKH
VLPXODWLRQ )LQDOO\ 6HFWLRQ  VXPPDUL]HV FRQFOXVLRQV DQG
GLVFXVVHVIXWXUHZRUNV
 '<1$0,& 5(/,$%,/,7< 02'(//,1* :,7+
672&+$67,&+<%5,')$8/775(($8720$721
'\QDPLF UHOLDELOLW\ GHILQHV D PDWKHPDWLFDO IUDPHZRUN DEOH
WR FRPELQH GHWHUPLQLVWLF HJ SURFHVV RI HQHUJ\
WUDQVIRUPDWLRQ DQG VWRFKDVWLF HJ SURFHVV RI IDLOXUH RI D
V\VWHP PRGHOV  ,Q WKLV ZD\ LW OHDGV WR D PRUH DFFXUDWH
UHOLDELOLW\ PRGHOOLQJ DEOH WR DFFRXQW IRU HQYLURQPHQWDO DQG
RSHUDWLRQDOFKDQJHVRIWKHZRUNLQJFRQGLWLRQV
/LWHUDWXUH SUHVHQWV VHYHUDO FRQWULEXWLRQV WKDW DGGUHVV WKH
PRGHOOLQJ RI WKH GHWHUPLQLVWLF DQG WKH VWRFKDVWLF SURFHVVHV
FKDUDFWHUL]LQJ DQ HQJLQHHULQJ V\VWHP )RU LQVWDQFH WKH
GHVLJQ DQG WKH VWXG\ RI UHQHZDEOH SRZHU SODQWV ZLWK
GHWHUPLQLVWLF DSSURDFKHV DUH REMHFW RI VHYHUDO DFDGHPLF
FRXUVHV DQG KDQGERRNV 3DWHO  ,YHUVHQ HW DO 
SURSRVHGDQDQDO\WLFDOPRGHOWRIRUHFDVWWKHVRODULUUDGLDQFH
ZKHUHDV ,TEDO HW DO  DQG 0HOOLW HW DO  SUHVHQW
GDWDGULYHQVWDWLVWLFDO OHDUQLQJPHWKRGV WRSUHGLFW WKHHIIHFWV
RIWKHUHQHZDEOHUHVRXUFHVRQWRWKHSRZHUSODQWVRSHUDWLRQV
,Q D SUHYLRXV ZRUN &KLDFFKLR HW DO  DQDO\]HG WKH
SHUIRUPDQFH RI SKRWRYROWDLF SRZHU SODQW XVLQJ D 6+\)7$
PRGHO EXW WKH\ GLG QRW XVH WKLV PRGHOOLQJ WHFKQLTXH WR
HYDOXDWHWKHVHUYLFHDYDLODELOLW\RIWKHV\VWHP
$YDLODELOLW\ LV WKH RQH RI WKH PDLQ DWWULEXWH RI UHOLDELOLW\
HQJLQHHULQJ VWXG\DQG LW FDQ EH HYDOXDWHGE\ WKH PHDQRI D
VWRFKDVWLF PRGHO OLNH )DXOW 7UHH DQG RWKHUV %XW WKH RQO\
DYDLODELOLW\FDQQRWEHXVHGWRDFKLHYHDQDFFXUDWHPRGHOOLQJ
RIWKHV\VWHPSHUIRUPDQFHEHFDXVHWKHVHWHFKQLTXHVGRQRWWR
DFFRXQWIRUWKHG\QDPLFYDULDWLRQVRIWKHSK\VLFVRIDV\VWHP
'\QDPLFUHOLDELOLW\VWXGLHVWKHEHKDYLRURIDFRPSOH[V\VWHP
E\ DGRSWLQJ D PRGHOEDVHG DSSURDFK 7KLV LPSOLHV GHDOLQJ
ZLWK WKH WKHUPRG\QDPLF HTXDWLRQV WR VSHFLI\ SK\VLFDO
SURFHVVHV WKDW KDYH DQ LQIOXHQFH RQ WKH KHDOWK RI V\VWHP
FRPSRQHQWVRQWKHRQHKDQGLWUHTXLUHVWKHGHILQLWLRQRIWKH
VWRFKDVWLF GLIIHUHQWLDO HTXDWLRQV RI WKH SURFHVV DQG RQ WKH
RWKHU KDQG LW HQDEOHV IRUHFDVWLQJ SHUIRUPDQFHV DQG IDLOXUHV
ZKLOH ERXQGDULHV FRQGLWLRQV DQG LQGHSHQGHQW YDULDEOHV FDQ
YDU\ $PRQJ WKH SRVVLEOH PRGHOOLQJ WHFKQLTXHV RI G\QDPLF
UHOLDELOLW\6+\)7$LVRQHRIWKHPRVWLQWHUHVWLQJDVLWDOORZV
DQ H[WHQVLEOH PRGHOOLQJ DQG D VLPSOH GHILQLWLRQ RI UHZDUG
IXQFWLRQV 7ULYHGL HW DO  IRU WKH SHUIRUPDQFH
HYDOXDWLRQDQGIHDVLELOLW\DVVHVVPHQWRIDV\VWHP,QWKLVZD\
LWLVSRVVLEOHWRFRPSXWHVHYHUDOGHSHQGDELOLW\DWWULEXWHVOLNH
UHOLDELOLW\ RU DYDLODELOLW\ DV ZHOO DV LPSRUWDQW GHVLJQUHODWHG
NH\SHUIRUPDQFHLQGH[HVVXFKDVWKHVHUYLFHDYDLODELOLW\DQG
WKH SURGXFWLYLW\ RI D V\VWHP 0RUHRYHU D 6+\)7$ PRGHO
FDQ EH FRGHG DQG VLPXODWHG ZLWK D JHQHUDOSXUSRVH
SURJUDPPLQJ ODQJXDJH OLNH S\WKRQ -DYD & HWF RU
LPSOHPHQWHG ZLWK D KLJKOHYHO SURJUDPPLQJ ODQJXDJH OLNH
0DWODE 7KH PDWKHPDWLFDO IRUPXODWLRQ RI 6+\)7$ LV
SUHVHQWHG LQ &KLDFFKLR HW DO  WKHUHIRUH LQWHUHVWHG
UHDGHUVFDQUHIHUWRWKDWSDSHUIRUPRUHLQIRUPDWLRQ
7R GHYHORS D 6+\)7$ PRGHO IRU DQ HQJLQHHULQJ V\VWHP D
PHWKRGRORJ\EDVHGRQVL[VWHSVFDQEHIROORZHGDVVKRZQLQ
)LJXUH

)LJ6WHSVWREXLOGXSD6+\)7$PRGHO
7KH ILUVW VWHS FRQVLVWV LQ WKH LGHQWLILFDWLRQ RI WKH GLVFUHWH
FRPSRQHQWV RI WKH HQJLQHHULQJ V\VWHP LQYROYHG LQ WKH
SURFHVV XQGHU DQDO\VLV 7KHVH FRPSRQHQWV WDNH SDUW LQ ERWK
WKHGHWHUPLQLVWLFDQGWKHVWRFKDVWLFSURFHVVHVRIWKH6+\)7$
PRGHO$VIRUWKHIRUPHUVHHWKHOHIWEUDQFKRIWKHIORZFKDUW
LQ )LJXUH  WKH PDWKHPDWLFDO HTXDWLRQV WKDW GHVFULEH WKH
SK\VLFDOSURFHVVSHUIRUPHGE\ WKH V\VWHPFRPSRQHQWVPXVW
EHGHILQHG$VIRUWKHODWWHUVHHWKHULJKWEUDQFKRIWKHIORZ
FKDUWLQ)LJXUHWKH6+\)7$UHTXLUHVWKHGHILQLWLRQRIWKH
IDXOW WUHH PRGHO KDYLQJ DV 7RS (YHQW WKH IDLOXUH RI WKH
SURFHVVXQGHUDQDO\VLV7KH%DVLF(YHQWV %(VRI WKH)DXOW
7UHHUHSUHVHQWWKHIDLOXUHEHKDYLRXURIWKHFRPSRQHQWVRIWKH
HQJLQHHULQJ V\VWHP 7KH %HV DUH FKDUDFWHUL]HG E\ D VWDWLF
SUREDELOLW\ GLVWULEXWLRQ RI WKH WLPH WR IDLO SGI JHQHUDOO\
SURYLGHG E\ WKH FRPSRQHQW PDQXIDFWXUHU WKDW VSHFLI\ WKH
PHDQ WLPH WR IDLO 077) ZKHQ WKH V\VWHPRSHUDWHV ZLWKLQ


 

LWVQRPLQDOZRUNLQJFRQGLWLRQV%XWLQD6+\)7$PRGHOLWLV
SRVVLEOH WR GHILQH D PRUH SRZHUIXO W\SH RI EDVLF HYHQWV
FDOOHG +\EULG %DVLF (YHQWV +%( FKDUDFWHUL]HG E\ D
YDULDEOH SUREDELOLW\ GLVWULEXWLRQ IXQFWLRQ 7KH +%(V FDQ EH
XVHG IRU WKRVH FRPSRQHQWV IRU ZKLFK WKH UHODWLRQVKLSV
EHWZHHQ WKH IDLOXUHEHKDYLRXUDQG WKHV\VWHPFRQGLWLRQVDUH
NQRZQ,QWKHVHFDVHVWKH+%(PXVWEHGHILQHGZLWKDVHWRI
GLIIHUHQWSUREDELOLW\GLVWULEXWLRQIXQFWLRQVRQWKHEDVLVRIWKH
GLIIHUHQWRSHUDWLQJFRQGLWLRQVLQZKLFKDV\VWHPFDQRSHUDWH
RUZLWKD IXQFWLRQDO) WYDULDEOH LQ LWVSDUDPHWHUV ,Q WKLV
ODWWHU FDVH WKH SDUDPHWHUV RI WKH IXQFWLRQDO ) YDU\ ZLWK D
FKDQJHRIWKHZRUNLQJFRQGLWLRQV
7KH IRUPXODWLRQ RI WKH 6+\)7$ LV FRPSOHWHG ZKHQ WKH
VWRFKDVWLF DQG WKHGHWHUPLQLVWLF PRGHOV DUH FRXSOHG WKURXJK
VKDUHG YDULDEOHV 1DPHO\ WKH SK\VLFDO YDULDEOHV WKDW DIIHFW
WKHRSHUDWLQJFRQGLWLRQVRI DFRPSRQHQW PRGLI\LQJ WKHSGI
RI D+%(DUH V\QFKURQL]HG LQ WKH IDXOW WUHH PRGHO 2Q WKH
RWKHUKDQGWKHHYHQWVRFFXUULQJLQWKHVWRFKDVWLFPRGHOOLNH
WKHIDLOXUHRIDFRPSRQHQWDUHWUDQVIHUUHGWRWKHGHWHUPLQLVWLF
PRGHO,QWKLVZD\WKHFRQWULEXWLRQRIWKHIDLOHGFRPSRQHQW
LVQXOOLILHGLQWKHSK\VLFDOSURFHVVRIWKHGHWHUPLQLVWLFPRGHO
HJDQLQYHUWHUWKDWIDLOVZLOOQRORQJHURXWSXW$&SRZHU
$Q LPSRUWDQW IHDWXUH RI G\QDPLF UHOLDELOLW\ PRGHOV LV WKH
DJLQJ0DQQRHWDO$JLQJFKDUDFWHUL]HVWKHZHDULQJ
RXW RI FRPSOH[ HOHFWURPHFKDQLFDO HTXLSPHQW ZKRVH
SHUIRUPDQFH GHJUDGHV LQ WLPH GXULQJ WKH OLIHWLPH ,Q D
6+\)7$ PRGHO WKH DJLQJ HIIHFW FDQ EH PRGHOOHG XVLQJ D
IXQFWLRQDO GHVFULEHG ZLWK D :HLEXOO SGI FKDUDFWHUL]HG E\ D
VKDSH IDFWRU ȕ !  LH WKH IDLOXUH UDWH LV LQFUHDVLQJ ZLWK
UHVSHFW WR WLPH DQG D VFDOH SDUDPHWHU Ȗ GHILQLQJ WKH QRQ
FRQVWDQWIDLOXUHUDWHȜWDVIROORZV
ȜW ȕȖîWȖȕ  
7KH YDULDEOH W LV QRW OLQHDU EXW LW FDQ EH GHVFULEHG E\ D
SLHFHZLVHGHWHUPLQLVWLF0DUNRYSURFHVV0DQQRHWDO
XVLQJWKHIROORZLQJRUGLQDU\GLIIHUHQWLDOHTXDWLRQ
®¯­ 
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 $ 3+27292/7$,& 32:(5 3/$17
81'(57+(1(70(7(5,1*5(*,0(

6WDUWLQJ IURP -DQXDU\  WKH ,WDOLDQ *RYHUQPHQW KDV
HPDQDWHG D UHJXODWLRQ FDOOHG 6FDPELR VXO 3RVWR 1HW
0HWHULQJZKLFKGLVFLSOLQHVWKHUXOHVIRUWKHFRQQHFWLRQRID
SKRWRYROWDLF SRZHU SODQW ZLWK WKH QDWLRQDO HOHFWULFDO JULG
*6(7RJHWKHUZLWKWKHLQFHQWLYHGHFUHHRIWKH&RQWR
(QHUJLD WKLV UHJXODWLRQ KDV IDYRXUHG WKH GLIIXVLRQ RI VPDOO
 N: SRZHU SODQWV VLQFH LW VLPSOLILHG WKH SURFHVV RI
LQVWDOODWLRQ DQG PDQDJHPHQW RI WKH HQHUJ\ SURGXFHG DQG
GLVSDWFKHG WR WKH HOHFWULFDO JULG :LWK WKLV PHFKDQLVP WKH
*HVWRUHGHL6HUYL]L(QHUJHWLFL*6(WKH,WDOLDQDXWKRULW\IRU
WKH UHJXODWLRQ DQG VXSHUYLVLRQ RI WKH UHQHZDEOH HQHUJ\
PDUNHW LQ ,WDO\ FDQ PDQDJH DQG WUDFN WKH IORZV RI HQHUJ\
SURGXFHGE\ WKHSKRWRYROWDLFSRZHUSODQWV $GKHULQJ WR WKH
1HW0HWHULQJWKHRZQHURIDSRZHUSODQWDOORZVWKH*6(WR
VHOO WKH HQHUJ\ QRW LQVWDQWDQHRXVO\ FRQVXPHGE\ LWV XWLOLWLHV
WRWKHHQHUJ\PDUNHWWKHLQFRPHLVWKHQDFFRXQWHGWRREWDLQ
DUHGXFWLRQRIWKHHOHFWULFELOOIRUDOOWKHGXUDWLRQRIWKHSODQW
OLIH 5HFHQWO\ WKH UHJXODWLRQ RI 1HW 0HWHULQJ KDV EHHQ
PRGLILHGWRUXOH WKHLQVWDOODWLRQRIVWRUDJHV\VWHPVIRUWKRVH
SRZHUSODQWVWKDWDUHDOUHDG\FRQQHFWHGWRWKHHOHFWULFDOJULG
7KLV LQQRYDWLRQ FKDQJHV GUDVWLFDOO\ WKHEHQHILWV RI WKHSODQW
RZQHUV EHFDXVH E\ VWRULQJ WKH HQHUJ\ GXULQJ WKH GD\ ZKHQ
WKH SODQW SURGXFHV WKLV HQHUJ\ EHFRPHV DYDLODEOH LQ WKH
HYHQLQJ DQG LQ WKH QLJKW ZKHQ WKH SODQW GRHV QRW SURGXFH
DQG WKHUH DUH KLJKHVW GRPHVWLF HOHFWULFLW\ FRQVXPSWLRQV
7KHUHIRUHLWLVLPSRUWDQWWRGHWHUPLQHWKHRYHUDOOEHQHILWWKDW
FDQEHDFKLHYHGZLWKWKHLQVWDOODWLRQRIDVWRUDJHV\VWHP
)LJXUHVKRZVDVFKHPDWLFGHFRPSRVLWLRQRIDSKRWRYROWDLF
SRZHU SODQW ZLWK D VLQJOH LQYHUWHU DQG D EDWWHU\ D YHU\
FRPPRQFDVHIRUVPDOOGRPHVWLFSRZHUSODQWV,WLVSRVVLEOH
WRLGHQWLI\WKHV\VWHPEORFNVRIWKH39*HQHUDWRUDQGRI*ULG
&RQQHFWLRQ &RXSOLQJ 7KH IRUPHU LV FRQVWLWXWHG E\ DOO WKH
DFWLYHHOHPHQWVRI WKHSKRWRYROWDLFSRZHUSODQWV WKDW UHDOL]H
WKH HQHUJ\ FRQYHUVLRQ ZKHUHDV WKH ODWWHU DOORZV WKH
FRQQHFWLRQ ZLWK WKH HOHFWULFDO JULG UHDOL]LQJ D SDUDOOHO
FRXSOLQJ ZLWK WKH SRZHU SODQW JHQHUDWRU LQ WKH GLIIHUHQWLDO
FLUFXLWEUHDNHUFRPSRQHQW'&%


)LJ6FKHPDWLFGHFRPSRVLWLRQRIWKH39V\VWHP
(QHUJHWLFFRQVXPSWLRQ
,W FDQ EH DVVXPHG WKDW WKH DYHUDJH \HDUO\ HQHUJHWLF
FRQVXPSWLRQ IRU D GRPHVWLF FRQWUDFW ZLWK D FRQQHFWLRQ
FDSDFLW\RIN:LVUHVXPHGLQ7DEOH
7DEOH$YHUDJH\HDUO\FRQVXPSWLRQN:FRQWUDFW
6RXUFHRI&RQVXPSWLRQ $YHUDJHN:K
/LJKWLQJ 
(OHFWULFDO.LWFKHQ 
5HIULJHUDWRUZLWK)UHH]HU 
:DVKLQJ0DFKLQH 
'U\HU 
'LVKZDVKHU 
7HOHYLVLRQ$XGLR9LGHR(TXLSPHQW 
2WKHUHOHFWULFDOGHYLFHV 
$LU&RQGLWLRQLQJV\VWHPV 

:LWK WKHVHYDOXHV LW LVSRVVLEOH WRPRGHO WKHJHQHULFSRZHU
GHPDQG GXULQJ DQ RUGLQDU\ GD\ RI VXPPHU DQG DQ RUGLQDU\


 

GD\ RI ZLQWHU DQG VSULQJ DVVXPLQJ WKDW WKH HQHUJHWLF
FRQVXPSWLRQLQVXPPHUWLPHLVJUHDWHUGXHWRWKHXVHRI WKH
$LU&RQGLWLRQLQJV\VWHPVDVVKRZQLQ)LJXUHDQG)LJXUH


)LJ0HDQHQHUJHWLFFRQVXPSWLRQLQZLQWHUDQGDXWXPQ

)LJ0HDQHQHUJHWLFFRQVXPSWLRQLQVSULQJDQGVXPPHU
&KDUDFWHULVWLFVRIDUHWURILWVPDOOSRZHUSODQW
)RU WKLV FDVH VWXG\ LW LV DVVXPHG WKDW WKH SRZHU SODQW LV
LQVWDOOHGLQWKHURRIRIDKRXVHORFDWHGQHDUE\&DWDQLDDWWKH
IROORZLQJFRRUGLQDWHV1(
7DEOH  VKRZ UHVSHFWLYHO\ WKH PDLQ FKDUDFWHULVWLFV RI WKH
SRZHUSODQWREMHFWRIWKLVFDVHVWXG\
7DEOH39V\VWHPFKDUDFWHULVWLFV
3SHDN N:
1,QYHUWHUV
13DQHOV 
16WULQJV 
$]LPXWK$QJOH 
7LOW$QJOH )L[HGRQWKHURRI
3SHDN :0RQRFU\VWDOOLQH
3DQHOHIILFLHQF\ 

7KH SRZHU SODQW LV FKDUDFWHUL]HG E\ D SHDN SRZHU 3SHDN  
N:SDQGE\D'&$&LQYHUWHURIQRPLQDOSRZHURI
N:7KHUHDUHVWULQJVFRPSRVHGE\SKRWRYROWDLFPRGXOHV
FRQQHFWHGWRWKHWZRLQGHSHQGHQW0337LQSXWRIWKHLQYHUWHU
7KHEDWWHU\FDQEHFRXSOHG WR WKHSRZHUSODQWDW WKHHQGRI
WKH$&6HFWLRQ7KHFKDUJHGLVFKDUJHSRZHUVXSSRUWHGLVRI
N: DQG WKH PD[LPXP DPRXQW RI HQHUJ\ VWRUDEOH LV 
N:K
1H[W WKH VWHSVGLVFXVVHG LQ)LJXUHDUHDSSOLHG WREXLOGXS
WKH6+\)7$PRGHORIWKHSRZHUSODQWRI)LJXUH
7DEOH39LQYHUWHUPDLQFKDUDFWHULVWLFV
3120 N:
3$&0D[ N:
9ROWDJH5DQJH0337 9
1,QGHSHQGHQW0337 
:DUUDQW\ \HDUV
7DEOH6WRUDJHV\VWHPFKDUDFWHULVWLFV
$&(QHUJ\ N:K
$&9ROWDJH 9
3$&0D[FKDUJHGLVFKDUJH N:
'HSWKRI'LVFKDUJH 
5RXQG7ULS(IILFLHQF\ 
:DUUDQW\ \HDUV
'HILQLWLRQRIWKH'HWHUPLQLVWLF3URFHVV
,Q &KLDFFKLR HW DO  WKH PDWKHPDWLFDO IRUPXODWLRQ RI
WKH GHWHUPLQLVWLF SURFHVV LV SUHVHQWHG WKHUHIRUH LQ WKLV
VHFWLRQ WKH PDLQ HTXDWLRQV XVHG LQ WKH 6+\)7$ PRGHO DUH
UHFDOOHG
7KH SKRWRYROWDLF FRQYHUVLRQ VWDUWV DW WKH 390 VWDJH ZKHUH
39PRGXOHVFDSWXUHWKHVRODULUUDGLDQFHWKDWLVFRQYHUWHGLQWR
D '& SRZHU 7KH HOHFWULFDO SRZHU JHQHUDWHG ZLWK WKH
FRQILJXUDWLRQ RI SDQHOV LQVWDOOHG LQ WKH URRI KDYLQJ D IL[HG
WLOWDQGRULHQWDWLRQ$]LPXWKFDQEHGHILQHGDVIROORZV

3 ڦ,RVLQĮ6  

ZKHUH,RLVWKHRUWKRJRQDOVRODULUUDGLDQFHWRWKHGLUHFWLRQRI
VRODU UDGLDWLRQ >:P@ Į LV WKH DQJOH RI WKH PRGXOHVWULQJ
ZLWKUHVSHFWWRWKHLQFLGHQWVRODUUDGLDWLRQ6LVWKHDUHDRIWKH
PRGXOH>P@DQGڦLVWKHV\VWHPHIILFLHQF\DOZD\VOHVVWKDQ
 $W WKH 390 VWDJH PHWHRURORJLFDO IDFWRUV HJ ZLQG
VSHHG FORXG WUDQVLHQWV LQ 39 XQLWV LQFLGHQW LUUDGLDQFH RU
DPELHQW WHPSHUDWXUH RU \HDUO\ GHWHULRUDWLRQ FDQ UHGXFH WKH
HIILFLHQF\RI WKHSKRWRYROWDLFPRGXOHVWKDWFDQEHFRPSXWHG
FRQVLGHULQJWKHYDULDWLRQRIWKHWHPSHUDWXUH

ڦP ڦVWG>±ȡ7F7FVWG@ 

ZKHUH ڦVWG DQG 7FVWG DUH UHVSHFWLYHO\ WKH HIILFLHQF\ DQG WKH
PRGXOH WHPSHUDWXUH DW VWDQGDUG FRQGLWLRQV ȡ LV WKH SRZHU
FRHIILFLHQWSHUFHQWDJHYDULDWLRQRISRZHUIRU&DQG7FLV
WKH PRGXOH WHPSHUDWXUH ,Q WKLV GHWHUPLQLVWLF SURFHVV WKH
LQSXWYDULDEOHVWRWKHPRGHOPXVWEHWKHPRGXOHWHPSHUDWXUH
7FDQGWKHVXQLUUDGLDWLRQ,
7KH SHUIRUPDQFH GHJUDGDWLRQ RFFXUULQJ LQ WKH 390 VWDJH
UHGXFHV WKH '& SRZHU EXW GRHV QRW VWRS WKH SRZHU
SURGXFWLRQ XQOHVV WKH'&EUHDNHUV DQGGLVFRQQHFWRUVRI WKH
'&6VWDJHLQWHUUXSWWKHFLUFXLWRUWKHFDEOHVIDLO,QIDFWZLWK
UHIHUHQFHWR)LJXUHDVLQJOH39JHQHUDWRUFDQFRQWULEXWHWR
WKHSRZHUJHQHUDWLRQRIWKHV\VWHPLIWKHFLUFXLWSDWKIURPWKH


 

390 VWDJH WR WKH *&& LV FORVHG %HIRUH FRQQHFWLQJ WR WKH
JULGWKH'&FXUUHQWLVFRQYHUWHGLQWRDOWHUQDWLQJFXUUHQW7KH
'&$& LQYHUWHU RI WKH $& VHFWLRQ SHUIRUPV WKLV
WUDQVIRUPDWLRQ ZLWK DQ HIILFLHQF\ WKDW GHSHQGV RQ WKH LQSXW
ORDG Ʉ୧୬୴ୣ୰୲ୣ୰ ൌ  I?ሺI?ሻI?I?I?ሺI?ሻI?I? ൌ  ? െ I?I?I?I?I?I?ሺI?ሻI?I? 

7R FRPSXWH WKH HQHUJ\ SURGXFHG DQG PHDVXUHG E\ WKH
JHQHUDWLRQPHWHU*0EHIRUHWKH*&&VWDJHLWLVSRVVLEOHWR
LQWHJUDWHWKH3$&LQWKHWLPHLQWHUYDO>WW@

   ୔ୖ୓ୈሺሻ ൌ B? ୅େሺሻ୲ଶ୲ଵ   

7KH EDWWHU\ LV FKDUJHG LI WKH SRZHU SURGXFHG LV QRW
LQVWDQWDQHRXVO\ FRQVXPHG E\ WKH XWLOLWLHV FRQQHFWHG WR WKH
SRZHUSODQW7KHUHIRUHLWLVSRVVLEOHWRZULWHWKHHTXDWLRQ
 ୆୅୘ሺሻ ൌ  ୅େሺሻ െ େ୓୒ୗሺሻ 

:KHQ3%$7 LVQHJDWLYH LWPHDQV WKDW WKHSRZHUSODQW LV QRW
DEOH WR VDWLVI\ WKH GHPDQG RI SRZHU IRU WKH XWLOLWLHV
FRQQHFWHGWKHUHIRUHLIWKHEDWWHU\KDVFKDUJHLWFRQWULEXWHVWR
WKH GRPHVWLF SRZHU VXSSO\ &RQYHUVHO\ ZKHQ 3%$7 LV
SRVLWLYH WKH SRZHU SURGXFHG E\ WKH SRZHU SODQW LV XVHG WR
FKDUJH WKH EDWWHU\ DV ORQJ WKH VWRUDJH FDSDELOLW\ LV UHDFKHG
RWKHUZLVHLWLVLQMHFWHGWRWKHQDWLRQDOHOHFWULFDOJULG
7KHRWKHUFRPSRQHQWV LQYROYHGLQDSKRWRYROWDLFV\VWHPDUH
SURWHFWLRQ FDEOHV EUHDNHUV GLVFRQQHFWRUV DQG WUDQVIRUPHUV
$OO WKHVH FRPSRQHQWV SOD\ DQ LPSRUWDQW UROH LQ WKH HQHUJ\
SURGXFWLRQEHFDXVH LIRQHRI WKHPLQWHUUXSWV WKHFLUFXLWSDWK
WR WKH *&& WKH 39 JHQHUDWRU LQ WKH RSHQ SDWK FDQQRW
FRQWULEXWH WR WKH SRZHU JHQHUDWLRQ 7KLV LV D YHU\ FULWLFDO
DVSHFW RI WKH SURGXFWLRQ SURFHVV LQ SDUWLFXODU ZKHQ
FRQVLGHULQJWKHHOHPHQWVRIWKH*&&VWDJH,QIDFWLIRQHRI
WKHFRPSRQHQWVRIWKH*&&VWDJHLQWHUUXSWV WKHFLUFXLWSDWK
DOO WKH SRZHU SODQW VWRSV WKH SURGXFWLRQ EHFDXVH LW JHWV
GLVFRQQHFWHG IURP WKH QDWLRQDO JULG FDXVLQJ WKH FRPSOHWH
V\VWHP XQDYDLODELOLW\ 7R GHWHUPLQH WKH LPSDFW RI WKHVH
FLUFXPVWDQFHV WR DOO WKH SURGXFWLRQ SURFHVV WKH VWRFKDVWLF
IDXOW WUHH PRGHO KDV WR EH GHVLJQHG DQG OLQNHG WR WKH
GHWHUPLQLVWLFPRGHO
'HILQLWLRQRIWKH6WRFKDVWLF3URFHVV
7KH IDXOW WUHH PRGHO LQ )LJXUH  GHVFULEHV WKH IDLOXUH
EHKDYLRURIWKHSODQW
7DEOH39LQYHUWHUPDLQFKDUDFWHULVWLFV
&RPSRQHQW Ȝ)DLOXUH5DWH>K@ ȝ5HSDLU5DWH>K@
$&% î î
$&' î î
'&% î î
*35 î î
393 î î
635 î î
63'6'3 î î
,19 $JLQJ:HLEXOO î
%$7 $JLQJ:HLEXOO î

7KH IDLOXUHUHSDLU UDWHV &KLDFFKLR HW DO  RI WKH
FRPSRQHQWV DUH VKRZQ LQ 7DEOH  ,W LV DVVXPHG WKDW
FRPSRQHQWVFDQEHRQO\ LQ WZRSRVVLEOHVWDWXVHV7KHUHIRUH
LW LV SRVVLEOH WR VHW WKH ELQDU\ UHSUHVHQWDWLRQ RI WKH
FRPSRQHQWVKHDOWKDVIROORZV
 D?஻ா௜ ൌ  ቊ  ?ǡ D?௧௛D?D?D?D?D?D?D?D?D?D?D?D?D?D万䜇?D?D? ?ǡ D?௧௛D?D?D?D?D?D?D?D?D?D?D?D䈇?D?D䠇?D?  ሺ ?ሻ

)LJ)DXOW7UHHRIWKHUHWURILW39V\VWHPZLWKWKHEDWWHU\
1RWHWKDWWKHLQYHUWHUDQGWKHEDWWHU\KDYHEHHQPRGHOOHGDVD
K\EULG EDVLF HYHQW XVLQJ D :HLEXOO SGI WKDW GHSHQGV RQ WKH
DJLQJYDULDEOH)RUWKHLQYHUWHUWKHIDLOXUHUDWHLVERXQGHGWR
WKH VRODU UDGLDWLRQ LQSXW EHFDXVH DQ LQYHUWHU VWRSV ZRUNLQJ
ZKHQ WKH VRODU LUUDGLDWLRQ LV ORZ RU DEVHQW HJ GXULQJ WKH
QLJKW WLPH )RU WKH EDWWHU\ WKH DJLQJ LQFUHDVHV GXULQJ WKH
FKDUJLQJ DQG GLVFKDUJLQJ SKDVH $V IRU UHSDLU UDWHV LW ZDV
DVVXPHG WKDW HOHFWULFDO FRPSRQHQWV OLNH EUHDNHUV
GLVFRQQHFWRUVVWULQJER[DQGSURWHFWLRQFDQEHUHVWRUHGWRDV
JRRGDVQHZ ZLWKLQ D ZRUNLQJ ZHHN DIWHU D IDXOW )RU WKH
EDWWHU\ DQG WKH LQYHUWHUV LW ZDV DVVXPHG D ORQJHU SHULRG RI
UHVWRUDWLRQFRQVLGHULQJWKDWWKHVHFRPSRQHQWVVKRXOGEHVHQW
WRWKHDVVLVWDQFHDQGWDNHDURXQGWKUHHZHHNVWREHUHVWRUHG
6,08/$7,216$1'5(68/76
7KH6+\)7$ZDVVLPXODWHGIRUDPLVVLRQWLPHRIKRXUV
FRUUHVSRQGLQJ WR D \HDU RI DFWLYLW\ 7KH VXQ LUUDGLDWLRQ DQG
WKH WHPSHUDWXUHV PHDVXUHG DW WKH VLWH ORFDWLRQ IRU WKH \HDU
KDYHEHHQXVHGDVLQSXWVRIWKHGHWHUPLQLVWLFSURFHVVRI
WKH6+\)7$PRGHO,WZDVVHWDFRQILGHQFHOHYHORIRQ
WKH HVWLPDWRU RI WKH HQHUJ\ ($& RXWSXW RI WKH SRZHU SODQW
)LJXUHVKRZVWKHHQHUJ\($&SURGXFHGE\WKHSRZHUSODQW
DQG PHDVXUHG DW WKH JHQHUDWLRQ PHWHU ,W VXPV XS WR 
N:K WKDW LV FORVH WR WKH H[SHFWHG SRZHU FRPSXWHG ZLWK D
VLPSOH GHWHUPLQLVWLF FDOFXODWLRQ FRQVLGHULQJ WKH DYHUDJH
LUUDGLDWLRQ,DYJIRUWKHORFDWLRQN:KN:SDQGWKHSHDN
SRZHU3S RI WKHSRZHU SODQW N:($&GHW 3Sî ,DYJ  
 N:K 0RUH LQWHUHVWLQJ DUH WKH UHVXOWV RI WKH VHUYLFH
DYDLODELOLW\FRPSXWHGEHIRUHDQGDIWHU WKH LQVWDOODWLRQRI WKH
VWRUDJHV\VWHP7KHVHUYLFHDYDLODELOLW\6$LVGHILQHGDVWKH
UDWLR EHWZHHQ WKH VXP RI WKH WLPH LQWHUYDOV LQ ZKLFK WKH
SRZHUVXSSO\RIWKHV\VWHPSRZHUSODQWDQGEDWWHU\LVDEOH
WRFRYHUWKHSRZHUGHPDQGRIWKHGRPHVWLFXWLOLWLHVRYHUWKH
WRWDOWLPHLQZKLFKWKHXWLOLWLHVDUHXQGHUFRQVXPSWLRQ


 

  ൌ   ? ୘I?I?I?I?I?I?I?I?I?I?I?I?I? ? ୘I?I?I?I?I?I?I?I?I?I?I?I?I? ା ? ୘I?I?I?I?I?I?I?I?I?I?I?I?I?I?I?  


)LJ)DXOW7UHHRIWKHUHWURILW39V\VWHPZLWKWKHEDWWHU\

7RHYDOXDWH WKLVSHUIRUPDQFH LQGH[ LW LV SRVVLEOH WRXVH WKH
GDLO\ WUHQGV VKRZQ LQ )LJXUH  DQG )LJXUH  WR PRGHO WKH
HQHUJHWLFFRQVXPSWLRQWKURXJKRXWWKHKRXUVRIWKH\HDU
7KH UHVXOWV RI WKH VLPXODWLRQ VKRZ WKDW ZLWKRXW WKH VWRUDJH
V\VWHP WKH VHUYLFH DYDLODELOLW\ LV  7KLV PHDQV WKDW WKH
 RI WKH HQHUJ\ FRQVXPHG E\ WKH SODQW RZQHU KDV WR EH
SXUFKDVHG IURP WKH HOHFWULFLW\ GLVWULEXWRU &RQYHUVHO\ ZLWK
WKH LQWHJUDWLRQRIDEDWWHU\ WKHVHUYLFHDYDLODELOLW\ LQFUHDVHV
XS WR WKH  ,W LV SRVVLEOH WR FRPSXWH WKH \HDUO\ HQHUJ\
FRQVXPSWLRQ (FRQV DV WKH VXP RI HDFK HQWU\ RI 7DEOH  DQG
HYDOXDWH WKH FRVW RI WKH \HDUO\ ELOO %LOO\HDU DVVXPLQJ DQ
DYHUDJHSULFH&N:KRI¼N:KZLWKWKHIRUPXOD
 ୷ୣୟ୰  ൌ ሺ ? െ ሻ ൈ ୡ୭୬ୱ ൈ ୩୛୦ 

7KH WRWDO HFRQRPLF EHQHILW PXVW FRQVLGHU DOVR WKH LQFRPH
UHDOL]HGZLWKWKHVDOHRIWKHHQHUJ\QRWFRQVXPHGE\WKH*6(
WKDW FDQ EH VXEWUDFWHG IURP WKH \HDUO\ ELOO &RQVLGHULQJ DQ
DYHUDJH VHOOLQJ SULFH 6N:K RI ¼N:K DQG XVLQJ WKH
IROORZLQJIRUPXODWKH\HDUO\LQFRPHFDQEHFRPSXWHG
 ୷ୣୟ୰ ൌ ሾ୅େ െ ሺ ൈ ୡ୭୬ୱሻሿ ൈ ୩୛୦ 

7DEOHVKRZV WKHFRPSDULVRQVEHWZHHQ WKH WZRV\VWHPV ,W
LVSRVVLEOHWRQRWLFHWKDWWKHVWRUDJHV\VWHPEULQJVDQRYHUDOO
LQFRPH IRU WKH RZQHU SODQW RI DERXW ¼\HDU ZKLOH WKH
SRZHU SODQW ZLWKRXW VWRUDJH HQGV XS ZLWK D \HDUO\ FRVW RI
DERXW¼ WKDWFDQEHVXEMHFWHG WR WKH LQFUHDVHDSSOLHGE\
WKH GLVWULEXWRU )LQDOO\ WKH SRZHU SODQW DYDLODELOLW\ FDQ EH
FRPSXWHG VROYLQJ WKH IDXOW WUHH PRGHO RI )LJXUH  5HVXOWV
VKRZ WKDW WKH SRZHU SODQW ZLWKRXW VWRUDJH V\VWHP KDV DQ
DYDLODELOLW\ RI  WKDW GHFUHDVHV WR  ZKHQ WKH
VWRUDJHV\VWHPLVLQVWDOOHG

&21&/86,216

,Q WKLV SDSHU DQ DSSOLFDWLRQ RI WKH6+\)7$ PRGHOOLQJ ZDV
GHVLJQHG WR HYDOXDWH WKH SHUIRUPDQFH RI D UHWURILW GRPHVWLF
SRZHU SODQW ZLWK D EDWWHU\ 7KH LQWHUHVW IRU WKLV W\SH RI
DSSOLFDWLRQ UHOLHV RQ WKH UHFHQW UHJXODWLRQ HPLWWHG E\ WKH
,WDOLDQ*RYHUQPHQWWKDWDOORZVWKHLQWHJUDWLRQRI WKHVWRUDJH
V\VWHPV IRU WKHVH W\SH RI UHQHZDEOH SRZHU SODQWV 7KH
6+\)7$ PRGHO KDV EHHQ XVHG WR FRPSXWH WKH HQHUJ\
SURGXFWLRQRIWKHSRZHUSODQWREMHFWRIWKHFDVHRIVWXG\DQG
WKH VHUYLFH DQG WKH SODQW DYDLODELOLW\ ZLWK DQG ZLWKRXW WKH
VWRUDJH V\VWHP ,W ZDV LQWHUHVWLQJ WR QRWLFH WKDW WKH VHUYLFH
DYDLODELOLW\LQFUHDVHVVXEVWDQWLDOO\ZLWKWKHLQWHJUDWLRQRIWKH
EDWWHU\ DOWKRXJK WKLV GHFUHDVHV WKH SODQW DYDLODELOLW\
0RUHRYHUWKHEDWWHU\FDQSURILWDQH[WUDLQFRPHWRWKHSODQW
RZQHUGXHWRWKHVDYLQJVDFKLHYHGRQWKH\HDUO\ELOO
7DEOH39LQYHUWHUPDLQFKDUDFWHULVWLFV
6WRUDJH 6$ %LOO\HDU ,QFRPH\HDU
1R  ¼ ¼
<HV  ¼ ¼

5()(5(1&(6

&KLDFFKLR ) '¶8UVR ' &RPSDJQR / 3HQQLVL 0
3DSSDODUGR ) DQG 0DQQR * D 6+\)7$ D
6WRFKDVWLF +\EULG )DXOW 7UHH $XWRPDWRQ IRU WKH
PRGHOOLQJ DQG VLPXODWLRQ RI G\QDPLF UHOLDELOLW\
SUREOHPV([SHUW6\VWHPVZLWK$SSOLFDWLRQV±
&KLDFFKLR))DPRVR)'¶8UVR'%UXVFD6$L]SXUXD-,
DQG&HGROD/'\QDPLF3HUIRUPDQFH(YDOXDWLRQ
RI3KRWRYROWDLF3RZHU3ODQWE\ 6WRFKDVWLF+\EULG)DXOW
7UHH $XWRPDWRQ 0RGHO (QHUJLHV  
GRLHQ
*6(  ,O 7HU]R &RQWR (QHUJLD *XLGD DOOD ULFKLHVWD
GHJOLLQFHQWLYLSHUJOLLPSLDQWLIRWRYROWDLFL
*6(5DSSRUWR6WDWLVWLFRVXO6RODUH)RWRYROWDLFR
,TEDO 0 $]DP 0 1DHHP 0 .KZDMD $6 DQG
$QSDODJDQ $  2SWLPL]DWLRQ FODVVLILFDWLRQ
DOJRULWKPV DQG WRROV IRU UHQHZDEOH HQHUJ\ $ UHYLHZ
5HQHZDEOH DQG 6XVWDLQDEOH (QHUJ\ 5HYLHZV 9ROXPH
±
,YHUVHQ (% 0RUDOHV -0 0¡OOHU -. DQG 0DGVHQ +
 3UREDELOLVWLF IRUHFDVWV RI VRODU LUUDGLDQFH XVLQJ
VWRFKDVWLF GLIIHUHQWLDO HTXDWLRQV (QYLURQPHWULFV
9ROXPH,VVXHSS±
0DQQR * =\PDULV $ .DNDOLV 130 &KLDFFKLR )
&LSROORQH)(&RPSDJQR/'¶8UVR'DQG7UDSDQL1
 '\QDPLF UHOLDELOLW\ DQDO\VLV RI WKUHH QRQOLQHDU
DJLQJ FRPSRQHQWV ZLWK GLIIHUHQW IDLOXUH PRGHV
FKDUDFWHULVWLFV 6DIHW\ 5HOLDELOLW\ DQG 5LVN $QDO\VLV
%H\RQG WKH +RUL]RQ  3URFHHGLQJV RI WKH (XURSHDQ
6DIHW\DQG5HOLDELOLW\&RQIHUHQFH(65(/
0HOOLW$6D÷ODP6DQG.DORJLURX6$$UWLILFLDO
QHXUDOQHWZRUNEDVHGPRGHOIRUHVWLPDWLQJWKHSURGXFHG
SRZHU RI D SKRWRYROWDLF PRGXOH 5HQHZDEOH (QHUJ\
9ROXPH±
3DWHO05:LQGDQG6RODU3RZHU6\VWHPV'HVLJQ
$QDO\VLV DQG2SHUDWLRQ&5&3UHVV 7D\ORU	)UDQFLV
,6%1
7ULYHGL.60DOKRWUD0DQG)ULFNV500DUNRY
UHZDUG DSSURDFK WR SHUIRUPDELOLW\ DQG UHOLDELOLW\
DQDO\VLV 3URFHHGLQJV RI WKH 6HFRQG ,QWHUQDWLRQDO
:RUNVKRS RQ 0RGHOLQJ $QDO\VLV DQG 6LPXODWLRQ RI
&RPSXWHUDQG7HOHFRPPXQLFDWLRQ6\VWHPV
